Abstract-Due to unconventional reservoir have natural weak discontinuities such as natural fractures and bedding planes, the hydraulic fracture has complicated fracture network morphology. Therefore, the traditional fracturing design method and the numerical simulation method of fracture propagation were restricted in the unconventional reservoir. In this paper, the application of the extended finite element method(XFEM), discrete element method(DEM), and displacement discontinuity method(DDM) in the simulation of hydraulic fracturing are discussed, as well as their advantages and disadvantages. It is indicated that XFEM and DEM have strong advantage in small scale mechanism analysis, while DDM has the superiority in the simulation of actual fracturing process in homogeneous formation. Finally, we draw the conclusion that combining two or more numerical simulation methods to simulate the fracture propagation of unconventional reservoirs will be a promising direction.
INTRODUCTION
With the development of global industry, the demand for oil and gas is increasing. Unconventional oil and gas(shale oil and gas, coalbed methane, tight sandstone oil and gas ) has received more and more attention because its large amount of resources and wide distribution [1] [2] [3] [4] . The porosity and permeability of unconventional reservoirs are extremely low. To improve the single well-controlled reserves and productivity, hydraulic fracturing have been widely used in such formations [5] [6] [7] [8] . Different from conventional reservoirs fracturing to form a single fracture, unconventional reservoirs contains a large number of natural fractures, therefore, the hydraulic fracture morphology in this reservoirs is complex network. At present, the following three numerical simulation methods are most widely used to simulate the complex fracture propagation:(1) Extended Finite Element Method(XFEM);(2) Discrete Element Method( DEM);(3) Displacement Discontinuity Method (DDM).Therefore, the advantages and limitations of this three methods and prospect of complex fracture propagation simulation method are analyzed in this paper.
II. COMPLEX FRACTURE PROPAGATION SIMULATION METHOD

A. Extended Finite Element Method
The extended finite element method is an improved method based on the conventional finite element method. In this improved approach, mesh boundary does not need to coincide with fracture surfaces, and the fracture surfaces are presented by modifying approximation or constitutive relation of the elements, therefore, fractures propagate are independent of mesh configuration [9] . Lecampion et al. [10] first adopted the extended finite element method to simulate the hydraulic fracture extension under the condition of linear elastic deformation. Ren et al. [11] presented an XFEM algorithm for hydraulic fracturing analysis with considering water pressure on the crack surface. Zhou et al. [12] combined the XFEM and the finite volume methods to model hydraulic-driven fractures with arbitrary orientation in tight gas reservoirs. Sheng and Li [13] proposed a numerical scheme to simulate the hydraulic fracture propagation in a frame by the XFEM, the fracture faces are treated as internal boundaries, which are opened and supported by hydraulic pressure. Zeng and Yao [14] developed a hydraulic fracture propagation numerical scheme that the crack flow field and the rock stress field were solved with the finite element method and the XFEM respectively, and the two fields were coupled through the Picard iteration. Lamb et al. [15, 16] combined XFEM with the dual-porosity and dualpermeability model to describe the fluid flow, deformation, and fracture propagation in fractured porous medium. Mohammadnejad and Khoei [17] carried out a extended finite element modeling of cohesive crack propagation in multiphase porous media. Then Mohammadnejad and Khoei [18] subsequently proposed a fully coupled numerical model for the modeling of the hydraulic fracture propagation in porous media using the XFEM in conjunction with the cohesive crack model, there model not need to introduce leak-off coefficient to describe the fluid leak-off phenomenon. Liu et al. [19] presented a fully coupled (flow and mechanics) hydraulic fracture propagation model based on the XFEM to account for the sequential and simultaneous propagation of nonplanar fractures. Wang et al. [20] established a 2D fully coupled pore pressure-stress plane strain model based on the XFEM in conjunction with cohesive zone method. But Liu [19] and Wang [20] models are both established in ABAQUS finite element commercial software. However, the above researches did not consider the effect of natural fractures. But the unconventional reservoirs contains abundant of natural fractures, therefore, Shi and Yu [21] presented a multiple fracture growth model based on the XFEM ,in their model the fracture junction is analyzed using the junction enrichment function, and the generalized nodal shape functions are used in a cluster of nodes around the fractures, a ramp function is used to avoid the blending element problem. Taleghani and Olson [22, 23] developed an XFEM algorithm to simulate fracture propagation, initiation and intersection in fractured reservoirs. Their results show that the natural fractures has significant impact on hydraulic fracture trajectory, length, width and proppant transport, especially under the condition of high stress heterogeneity. 
B. Discrete Element Method
The DEM is a new numerical method first proposed by Cundall in 1971 [24] . The biggest difference between DEM with other numerical method are that DEM allows block unit occur large displacement motion (including rotation), or even completely separated from each other, and the calculation process does not need to meet the requirements of deformation coordination equation and displacement continuity equation.
Zhao et al. [25] simulated the interaction between hydraulic fractures and natural fractures by using two dimensional discrete element method, the process of cohesive particles rupture is considered as new fracture formation in their simulation. Zangeneh et al. [26] used DEM to study the influence of natural fractures and in-situ stress on the hydraulic fracture propagation, in order to simulate the complex hydraulic fractures extension process, the Voronoi unstructured grid with higher flexibility is used in the grid. Their model can accurately simulate the natural fractures tensile and shear failure under the influence of hydraulic fractures. Nagel et al. [27] study the initiation and propagation of hydraulic fracture in a reservoir with natural fractures based on the threedimensional discrete element method. Their research show that the tensile rupture occurred mainly in the hydraulic fracture surface, and shear rupture mainly along natural fractures surface. Hamidi et al. [28] presented an three-dimensional discrete element algorithm to simulate hydraulic fracture initiation and extension , their research indicate that the success of hydraulic fracturing not only depends on the construction parameters, such as fracturing fluid properties and injection rate, but also depends on the in-situ stress and rock properties. Su [29] comparatively analyzed fracture networks propagation configuration of single well fracturing and hydraulically maximizing fracture networks fracturing based on discrete element method, proving that increasing stimulated reservoir volume by hydraulically maximizing fracture networks fracturing technique of vertical coalbed methane wells is feasible. Lu [30] adopted a 3D discrete element software (3DEC) to study the influence of construction parameters, insitu stress, and cleat properties on the complex multi-fracture propagation. Zhao et al. [31] established a fracture network expansion model by combining finite element method and discrete element method, in their model the finite element method is used to solve the deformation of the block, and the discrete element method is used to simulate fracture formation. 
C. Displacement Discontinuity Method
The XFEM and DEM need to discrete the whole calculation area into numerous elements, however, the displacement discontinuity method only need to discrete the fracture surface into a certain number of units, and then establish the algebraic equations which can satisfy the stress or displacement boundary [32, 33] . This method can reduce the calculation area dimension, so reduce the computation greatly.
Olson [34, 35] adopted the displacement discontinuity method to simulate interaction of multi-cluster hydraulic fracture and natural fracture. Their studies indicated that there are two mainly factors influence on the stimulated reservoir volume, the one is the angle between hydraulic fracture and natural fracture, the other is the fracture net pressure. Based on the Olson's model,Wu and Olson [36, 37] established a coupling model for simultaneous multiple-fracture propagation within a stage in horizontal well .In their model, stress interference among fractures and fracture width are calculated by DDM, the control equation of fracturing fluid flowing in wellbore, perforation and hydraulic fracture are established based on hydromechanics and hydraulic fracturing mechanics. In addition, the Newton iteration and Picard iteration are used to solve the coupled equations of fluid flow and fracture deformation. Zhao et al. [38] coupling elastic deformation of rock, stress interaction among fractures, fluid flow in fractures and flow distribution into different fractures to establish a simultaneous propagation of multiple hydraulic fractures in horizontal wells based on DDM. Guo et al. [39] in order to understand the impact of stress interference caused by the artificial open cracks on the formation of complex fractures of subsequent fracturing, and to guide the optimal design of shale fracturing,a model of stress interference of artificial fractures was established based on the DDM.
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DDM [38] III. METHODS COMPARISON AND PROSPECT  The XFEM, DEM and DDM have their own advantages and disadvantages. Specifically, the XFEM needs to discrete the whole calculation area into numerous elements and aggregate the stiffness matrix at each expansion step, so the calculation is much bigger than that of the DDM in the simulation of hydraulic fracture propagation . Another disadvantage is that it is difficult to determine the enriched function of the intersecting elements after the intersection of hydraulic fractures and natural fractures. In addition, due to the enriched functions are added to describe the fracture element, the stiffness matrix is ill conditioned, so there is a certain error in the solution. However, it is of great advantage to use the XFEM to simulate fracture propagation in heterogeneous medium, because this method can clearly describe any point mechanical properties of the calculation area.  Due to the DEM need to discrete the computational domain into blocks, each calculation step needs to determine the relative position between the blocks, and repeated iterative calculating to satisfy the equilibrium equations, so the computation is bigger than that of XFEM and DDM. Besides, fracture can only extend along the predefined discrete network boundaries. But in the DEM, the elements can be contacted with each other and can be separated from each other, therefore, the DEM has advantages in simulating the tensile and shear failure process of rock, and the large deformation process of rock.  Compared with the XFEM and DEM, the biggest advantage of the DDM is that it is not need to discrete the whole computational domain, but only to discrete the fracture boundary, therefore, the calculation is greatly reduced. However, DDM can only be used in homogeneous formation.
In conclusion, XFEM and DEM have strong advantage in small scale mechanism analysis, while DDM has the superiority in the simulation of actual fracturing process in homogeneous formation. Therefore, it is a promising research direction to combining two or more numerical simulation methods to simulate the fracture propagation of unconventional reservoirs.
